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doi:10.1016/j.ejvs.2009.03.029Abstract Objective: It is well-known that vasodilatator function is affected in patients with
renal failure. We hypothesized impaired venous forearm distensibility in haemodialysis
patients. The purpose of this study was to investigate which provocation method generated
‘maximal’ venous distensibility in the forearm of haemodialysis patients compared to healthy
volunteers by using duplex ultrasound.
Design: The study group consisted of haemodialysis patients (nZ 30) and healthy volunteers
(nZ 30). In each participant ultrasound measurements of the venous diameter were per-
formed by using 3 different provocation methods.
Methods: The applied provocation methods were: 1) hydrostatic pressure, 2) venous conges-
tion and 3) hydrostatic pressure and warmth. Significance of differences in mean diameter
changes within the groups was assessed with the paired t-test. Significance of differences in
mean diameter changes between the groups was compared by using multivariate regression
analysis.
Results: In haemodialysis patients, the increase in mean diameter after the different methods
was: 29% after methods 2 versus 1, 23% after methods 3 versus 2 and 59% after methods 3
versus 1. In healthy volunteers, the mean diameter increase was: 27% after methods 2 versus
1, 29% after methods 3 versus 2 and 64% after methods 3 versus 1. The greatest increase in the
mean internal venous diameter among the haemodialysis patients and the healthy volunteers
was after the provocation method which combined hydrostatic pressure with warmth (mean4655467.
il.com (E. Korten).
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376 E. Korten et al.difference: 1 mm, 95% CI: .57, 1.36; P<.001 and mean difference: 1.4 mm, 95% CI: .88, 1.78;
P<.001, respectively). After adjustment for the baseline variables, both groups demonstrated
a non-significant mean diameter difference for each of the provocation methods.
Conclusion: Hydrostatic pressure combined with warmth generates the greatest venous disten-
sibility in the lower arm in haemodialysis patients in a sitting position and is not significantly
different compared to healthy volunteers. Without the superior provocation method, venous
diameters of haemodialysis patients can be assessed as false-negatives yielding that a primary
radio cephalic arteriovenous fistula (RCAVF) at wrist level (the first choice) in these patients
will be withheld.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Vascular access is very important for the quality of life and
survival of end-stage renal failure patients requiring hae-
modialysis. The K-DOQI and European guidelines of the
Vascular Access Society recommend a native primary radio
cephalic arteriovenous fistula (RCAVF) as the vascular
access of first choice for haemodialysis.1 Duplex ultrasound
(DUS) is the recommended imaging modality prior to the
surgical construction of a RCAVF. DUS is non-invasive and
provides qualitative and quantitative information such as
vascular wall irregularities, haemodynamic and anatomical
information.2e5
The venous system is known for its low-pressure vessels
(w15 mmHg) compared to the high-pressure vessels of the
arterial system (w120 mmHg). DUS of the venous system in
the forearm, however, can sometimes fail due to the low-
pressure vessels and relatively small internal diameters.6
DUS is advised in supine position by the Vascular Access
Society.4 However, the weight of the DUS transducer and
the pressure of the investigators hand may compress the
low-pressure vessels. These components can make DUS
measurements of the venous system of the forearm
inaccurate.7
Venous distensibility is an important predictor of RCAVF
success.8,9 Several provocation methods are recommended
for venous distensibility and consecutive improvement of
DUS visualisation.5,10 DUS can be a very useful preoperative
technique in combination with these provocation methods
to investigate venous distensibility.11 Under adequate
circumstances and performed by experienced vascular
technologists, DUS combined with provocation methods
may provide optimal anatomical information and has the
potential to visualize small diameter changes.5,10
The purpose of this study was to investigate whether
different provocation methods that all claim to generate
‘maximal’ venous distensibility in healthy volunteers,
showed the same DUS results in haemodialysis patients.5 The
arterial endothelial vasodilatator function is impaired in
patients with renal failure, diabetes, hypertension and heart
failure.12e14 Also defective venous distensibility is demon-
strated in patients with renal failure.15,16 We hypothesized
that venous forearm distensibility is impaired in haemo-
dialysis patients, compared to healthy volunteers. In addi-
tion, we evaluated the differences in venous distensibility
generated by different provocation methods. Furthermore,we evaluated the intra-observer reproducibility of DUS
measurements of the internal venous diameters.
Patients and Methods
Study design and patients
From September 2007 until January 2008, we performed
a cohort study at the Albert Schweitzer Hospital, Dor-
drecht, The Netherlands, with a specialized vascular
laboratory experienced in the field of haemodialysis
patients. The study group consisted of 30 haemodialysis
patients and 30 healthy volunteers. Information was
recorded about our volunteers’ age, sex, height, weight,
diabetes mellitus, arterial hypertension, current smoking,
non dominant arm, haemodialysis duration and access
type.5,8,17 This research project has been considered and
approved by the committee on medical ethics of our insti-
tution. Patients and volunteers gave their informed written
consent for their inclusion in this study.
Duplex ultrasound examination
Each participant was examined with a 13e5 MHz broadband
ultrasound imaging transducer (Aloka, ProSound SSD-5000,
SSD-5500 en SSD 3500SV, Aloka, Tokyo, Japan) by an
experienced registered vascular diagnostic technologist
under the same conditions. In each volunteer two internal
venous diameter measurements were measured by DUS
using 3 separate provocation methods (6 measurements in
each volunteer, noted as measurements 1a,b, 2a,b and
3a,b). The non dominant arm was preferred, which was
available in all patients with a haemodialysis vascular
access catheter and in all healthy volunteers, although not
in patients with an arteriovenous fistula in the arm. All
participants were examined in sitting position with the
extended arm supported on a table.5,10,11,18 The height of
the table was adapted to the volunteer’s arm length, so all
participants were examined in the same position. Both the
room temperature and the gel temperature were 21e22 C
(69.8e71.6 F). The cephalic vein was identified in the
forearm with DUS at a position eight centimetres proximal
of the styloid process of the radius. Skin marking was per-
formed prior to DUS measurements with waterproof ink to
ensure reproducibility of the scan location. The internal
Duplex Ultrasound Testing 377diameter of the cephalic vein was measured twice in the
anteroposterior direction in a transverse scan and all
measurements were recorded.19 During DUS measure-
ments, three provocation methods were employed.
Provocation methods
In the first provocation method, hydrostatic pressure was
used as a type of physiological vascular provocation. The
physiological provocation is caused by the gravitational
force in a sitting position, which creates a downward
pressure, known as the hydrostatic pressure. This impedes
venous return from the lower arm to the heart resulting in
dilatation of the veins. External venous compression was
avoided by using a moderate quantity of ultrasound gel
between the transducer and skin surface.
In the second provocation method, venous congestion
was used, generated by a pneumatic cuff inflator. An
occlusion cuff around the upper arm (10 cm cuff, 80 mmHg)
was used to accomplish ‘maximal’ distensibility of the
cephalic vein in the forearm (Hokanson E20, Hokanson,
Bellevue, USA).10,18 The occlusion time was 2 min and
measured with a stopwatch.5
In the third provocation method, we combined hydro-
static pressure with a 10 l basin containing warm water in
which the forearm was immersed.5 The water temperature
was 43e44 C (109.4e111.2 F) and measured digitally
(Fluke thermocouple 51 K-type, Fluke, Everett, USA). While
a stopwatch was running (2 min) the dilatation process was
monitored with DUS.5 When ‘maximal’ distensibility was
reached, measurements were performed keeping the
forearm in the warm water. External thermal influences
were eliminated by immersion of the arm which works as
ultrasound conductor instead of the usual conducting gel.
Provocation methods were always performed in this
sequence.
Statistical analysis
All baseline characteristics of the participants were
expressed as means and standard deviation (SD). Because
of the non-normal distributions of the baseline character-
istics of the participants, comparisons between the hae-
modialysis patients and the healthy volunteers were tested
with the non-parametric ManneWhitney U test. Dichoto-
mous variables were tested with the Chi-square test.Table 1 Baseline characteristics of the participantsa
Characteristic Dialysis patients
(nZ 30) n (%)
Age (y) 68 (12.7)
Male gender, % 20 (67)
Height (m) 1.71 (0.1)
Weight (kg) 74 (12.0)
Current smoking, % 8 (27)
Diabetes mellitus, % 9 (30)
Arterial hypertension, % 6 (20)
Left arm, % 15 (50)
a Descriptors are mean (SD), dichotomous values as number and peSignificance of differences in mean diameter changes after
provocation within the two groups was assessed with the
paired t-test and was evaluated for the three provocation
methods separately. Significance of differences in mean
diameter changes after provocation between the two
groups was assessed with the two-sample t-test and was
evaluated for the three provocation methods separately. In
addition, we used multivariate regression analysis, with
variables potentially having significant influence. The vari-
ables included were age, sex, height, weight, diabetes
mellitus, arterial hypertension, current smoking, non
dominant arm, haemodialysis duration and access type.
These variables were selected based on literature and
clinical judgement.5,8,17
Agreement between two provocation methods (methods
1 versus 2, 2 versus 3 and 1 versus 3) was plotted using
BlandeAltman graphs enabling an appreciation of the
distribution of error.20 We first performed a bias correction
for the values of methods 2 and 3, which was induced by
a consistently higher increase in the diameters after prov-
ocation methods 2 and 3. In these graphs we were not
interested in the difference between the three methods
but we would assess whether the new method agrees
sufficiently well with the old method. Intra-observer vari-
ability was assessed by using a weighted Kappa.21 In addi-
tion, Bland and Altman plots were used to test the
agreement of the intra-observer repeatability for each
provocation method (measurement 1a versus 1b, 2a versus
2b and 3a versus 3b). Significance was determined at the
95% confidence interval (two-sided, P<.05). SPSS 14.0
software for Windows (SPSS Inc., Chicago, Illinois, USA) and
STATA 10.0 software for Windows (STATACorp., Texas, USA)
were used.
Results
Table 1 shows the baseline characteristics of the two study
groups. The variables ‘height’ and ‘weight’ were evenly
distributed (P-values .94 and .85 respectively), whereas
age, sex, diabetes mellitus, arterial hypertension, current
smoking and non dominant arm were not (P<.05) (Table 1).
Among the haemodialysis patients, 15 of 30 left arms and 15
of 30 right arms examined. Among the healthy volunteers
27 of 30 (90%) left arms and 3 out of 30 (10%) right arms
were examined. Among the haemodialysis patients the
mean haemodialysis duration was 40 months (range 2e195;Healthy volunteers











Table 2 Comparison between three different provocation methods used for the measurement of the internal venous diameter
among haemodialysis patients and healthy volunteers
Provocation method Dialysis patients (nZ 30) mean
diameter difference (95% CI)a
P-value Healthy volunteers (nZ 30) mean
diameter difference (95% CI)a
P-value
1 versus 2 (mm) 0.5 0.01 0.6 0.02
(0.85, 0.11) (1.14, 0.09)
2 versus 3 (mm) 0.5 0.02 0.7 0.01
(0.88, 0.08) (1.19, 0.25)
1 versus 3 (mm) 1.0 <0.001 1.3 <0.001
(1.36, 0.57) (1.78, 0.88)
a Negative difference indicates that the last mentioned provocation method has a better outcome. (Provocation method 1Z hydro-
static pressure, provocation method 2Z venous congestion and provocation method 3Z hydrostatic pressure and warmth.
CIZ confidence interval).
378 E. Korten et al.SD 41). The type of vascular access used for haemodialysis
among the haemodialysis patients was tunnelled catheters
in 67% (20 out of 30) and fistulae in 33% (10 out of 30).
After provocation method 1, internal venous diameters
of haemodialysis patients ranged from 0.6 to 4.1 mm. After
provocation method 2, from 1 to 4.6 mm and after provo-
cation method 3, from 1.6 to 5.1 mm. After provocation
method 1, internal venous diameters of healthy volunteers
ranged from 0.7 to 4 mm. After provocation method 2, from
1 to 4.7 mm and after provocation method 3, from 2 to
4.9 mm. Table 2 shows the comparison between three
different provocation methods used for the measurement
of the internal venous diameter among haemodialysis
patients and healthy volunteers.
Haemodialysis patients showed an increase of the mean
diameter of 29% after provocation method 2 compared to
provocation method 1. After provocation method 3
compared to provocation method 2 the increase was 23%,
and compared to provocation method 1 this was 59%.
Healthy volunteers showed an increase of the mean diam-
eter of 27% after provocation method 2 compared to prov-
ocation method 1. After provocation method 3 compared to
provocationmethod 2 the increase was 29% and compared to
provocation method 1 this was 64%. Table 3 shows the
comparison between the two study groups of the mean
internal venous diameters for each provocation method.
Agreement between two provocation methods is repre-
sented in Bland and Altman plots (Fig. 1aec) (methods 1Table 3 Comparison between the two study groups of the mea






Method 1 (mm) 1.7 2.2
(1.45, 1.95) (1.85, 2.55)
Method 2 (mm) 2.2 2.8
(1.94, 2.46) (2.42, 3.17)
Method 3 (mm) 2.7 3.6
(2.41, 2.99) (3.34, 3.86)
a Negative difference indicates healthy volunteers have a better ou
b Adjusted for baseline independent variables: age, gender, length
dominant arm, haemodialysis duration and access type. (Provocation m
congestion and provocation method 3Z hydrostatic pressure and waversus 2, 2 versus 3 and 1 versus 3). The plots show an
acceptable agreement between the different provocation
methods.20 Differences were within the limits of agree-
ment, except for one outlier in the agreement between
provocation methods 1 versus 3.
Agreement of the intra-observer repeatability for each
provocationmethod (measurements of provocationmethods
1, 2 and 3) was represented in Bland and Altman plots.20 The
differences were within the limits of agreement (the mean
difference for all 3 plots was: 0 mm and the SD respectively:
0.8, 0.7 and 0.7). Except for one outlier in the agreement for
provocation methods 1 and 3 and two outliers in the agree-
ment for provocation method 2. Weighted Kappa values for
the first, second and third provocation methods were: 0.97,
1.00 and 0.93 respectively, indicating an ‘almost perfect’
strength of agreement.21Discussion
This study assessed whether different provocation methods
that generate ‘maximal’ venous distensibility in healthy
volunteers showed the same DUS results in haemodialysis
patients. Comparing these groups, the main finding of our
study was that venous diameters were statistically signifi-
cant larger with a combination of hydrostatic pressure and
warmth in both haemodialysis patients and healthy volun-








(0.95, 0.07) (1.58, 1.35)
0.6 0.2 0.83
(1.11, 0.18) (1.74, 1.40)
0.9 1.1 0.10
(1.28, 0.48) (2.50, 0.23)
tcome.
, weight, current smoking, diabetes mellitus, hypertension, non
ethod 1Z hydrostatic pressure, provocation method 2Z venous
rmth. CIZ confidence interval).
a b
c
Figure 1 a BlandeAltman plot represents the mean of the measurements (x-axis) versus the difference between the two values
for provocation methods 1 versus 2 (y-axis). The solid line shows the mean difference (0.01 mm). The dashed lines 2 SD
(SDZ 0.4). b BlandeAltman plot represents the mean of the measurements (x-axis) versus the difference between the two values
for provocation methods 2 versus 3 (y-axis). The solid line shows the mean difference (0 mm). The dashed lines 2 SD (SDZ 0.6).
c BlandeAltman plot represents the mean of the measurements (x-axis) versus the difference between the two values for prov-
ocation methods 1 versus 3 (y-axis). The solid line shows the mean difference (0.01 mm). The dashed lines 2 SD (SDZ 0.7).
Duplex Ultrasound Testing 379statistically significant difference in venous distensibility
between haemodialysis patients and healthy volunteers.
This suggests that the most effective provocation method
(hydrostatic pressure combined with warmth) should be
used in haemodialysis patients. The intra-observer repro-
ducibility for all provocation methods was almost perfect.
A previous study showed that the results in healthy
volunteers were reproducible.5 The effect of a provocation
method which combines hydrostatic pressure and warmth
(without venous congestion) had already been tested in
normal volunteers in sitting position. Significantly larger
diameters were found in normal arm veins afterprovocation.5 The previous study assumed that larger
venous diameters would best predict the venous diameter
post-operatively caused by arterial pressure.5 However, no
study has been reported in which venous distensibility in
haemodialysis patients was investigated using combined
warmth and hydrostatic pressure to provoke venodilation.
Venous distensibility of the forearm was studied by Van
Der Linden et al. using strain-gauge plethysmography
compared to DUS examination.9 The authors conclude that
‘forearm venous distensibility is a predictor of AVF success,
whereas DUS derived luminal diameters are not.’ The DUS
protocol (examination in patients in supine position, without
380 E. Korten et al.venous congestion) used by these authors was not consistent
with the plethysmography protocol (with venous congestion).
In our study we investigated all participants in the sitting
position using different provocation methods.5 Plethysmog-
raphy calculates volume changes in the forearm, without the
ability to discriminate between anatomical structures. In
addition, although plethysmography is an interesting tech-
nique in a scientific setting, few vascular laboratories are
equipped to perform this test. DUS provides direct physio-
logical information as well as anatomical information.
Several possible limitations of this study warrant
consideration. The first limitation of the present study was
the study design, because our reference group was not pair-
matched to the case population. This resulted in statisti-
cally significant differences of the baseline characteristics
between the two study groups. A number of these baseline
variables were subsequently used to adjust for potential
confounding by performing multivariate regression analysis.
The next limitation might be the absence of an inter
observer reproducibility test in DUS measurement. Instead
we have investigated the intra-observer reproducibility,
because this was the only method feasible in our setting.
The present study showed that there were no statisti-
cally significant differences in venous distensibility
between haemodialysis patients and healthy volunteers
following the three provocation methods. In accordance
with the guidelines of the American K-DOQI, venous diam-
eters at wrist level has to be at least 2,5 mm.3 European
Vascular Access Society guidelines suggest at least 2.0 mm
in supine position.4 Based on these guidelines, we suggest
that the superior provocation method (hydrostatic pressure
combined with warmth) should be applied, when small
internal diameters are found in sitting haemodialysis
patients with the first provocation method (hydrostatic
pressure) and the second provocation method (venous
congestion). Without the superior provocation method,
venous diameters of haemodialysis patients can be assessed
as false-negatives yielding that a primary RCAVF at wrist
level (the first choice) in these patients will be withheld.
Now we are able to approach the distensibility issue
practically in the preoperative DUS examination setting at
the vascular laboratory. The present study showed that
hydrostatic pressure and warmth increases the venous
distensibility and creates the opportunity for more hae-
modialysis patients to be qualified for a primary RCAVF at
wrist level, which is the vascular access of first choice for
haemodialysis. We suggest further investigation of preop-
erative DUS and provocation methods in association with
patency. The results of our study may help to develop
future research in this field.
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